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Non-surgical root canal therapy has proven to be a highly successful procedure when the case is properly diagnosed, 
treated, and restored. If non- surgically treated tooth fails to demonstrate healing and the reason for failure is 
endodontic in origin and not periodontal, traumatic, or restorative in nature, apical surgery is often the treatment of 
choice. Significant advances in the use of magnification and illumination and supportive armamentarium in recent 
years have benefited treatment protocols in apical surgery such that teeth, which might otherwise have been 
extracted, now have a predictable chance for retention. The purpose of this article is to review the development and 
application of these advances and their implications in apical surgery. 


Introduction - several paths cross 

The separate pursuits of intention, knowledge, and 
technology on occasion entwine and over time the 
resultant effect serendipitously benefits mankind. The 
development of apical microsurgery is such an example. 
The desire to eliminate disease at the root end, the 
need to obtain a clearer understanding of the complex- 
ities of pulpal anatomy, and the use of enhanced 
magnification and illumination have fathered contem- 
porary apical surgery, more accurately described as 
apical microsurgery. 

Elimination of disease at the 
root end 

While the origins of apical surgery can be traced to pre- 
Colombian times (1, 2), contemporary surgical en- 
dodontics began its journey in the early 1960s, along 
with the recognition of endodontics as a specialty in the 
United States in 1964. Emphasis was placed on root- 
end filling materials and their sealing ability. As apical 
surgical procedures evolved, much controversy existed 
and personal choices evolved with little biologic basis. 
Surgery at this time, and until recently was often 
performed with inadequate lighting, no magnification, 
and a limited armamentarium. Frank et al. (3) reported 
that success rate in apical surgeries sealed with 
amalgam, which had been considered successful, 


dropped to 57.7% after 10 years (3). Gutmann & 
Harrison (4) identified the task of modern-day 
endodontics to 'eliminate the art and craft otherwise 
inherent in surgical endodontics - the heuristic - and 
encourage a relentless, honest pursuit of the contem- 
porary challenges of endodontic surgery.' Shabahang 
(5) recently described apical surgery as endodontic 
therapy through a surgical flap. The main purpose of 
apical surgery is to remove a portion of a root with 
anatomical complexities laden with tissue debris and 
microorganisms or to seal the canal when a complete 
seal cannot be accomplished through non- surgical 
means (5). The complexity of these root canal spaces 
has only recently been appreciated. 

Anatomical complexities 

Walter Hess (6), a Swiss dentist, first published his 
landmark anatomical studies in the early 1920s. When 
his work was first published, many clinicians felt that 
the anatomical complexities reported were artifacts 
created by injecting vulcanite rubber under too much 
pressure (Figs 1 and 2). However, more progressive 
thinkers of that time believed that the results had merit 
and sought more effective ways to clean, shape, and 
obturate root canal systems. More recently, Takahashi 
and Kishi (7), using a dye infusion process, also studied 
anatomical complexities. These models clearly show 
the majesty and grace of the human dental pulp (Figs 
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Fig. 1. Hess model of a mandibular molar showing 
anatomical complexities throughout the root canal 
system. 



Fig. 2. Hess model of a mandibular premolar showing 
anatomical complexities in the apical terminus. 
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Fig. 3. Takahashi model of the mesial view of the mesial 
root of a mandibular molar. Note the mid-root isthmus 
and the apical bifidity of the buccal canal. Also note the 
multiple apical termini. 



Fig. 4. Takahashi model of a mandibular second 
premolar. Note how the single canal bifurcates, rejoins, 
and then splits once more at the canal terminus. 
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Fig. 5. Takahashi model of a maxillary central incisor. 
Note the multiple portals of exit in the apical third of the 
root. 

3-6). Weller et al. (8) studied the incidence and 
location of the isthmus in the mesial buccal root of 
the maxillary first molar and found a partial or complete 
isthmus 100% of the time at the 4 mm level of resection. 
West (9) looked at the relationship between failed root 
canal treatment and unfilled or underfilled portals of 
exit (POEs). Using a centrifuged dye, he identified that 
100% of the failed specimens studied had at least one 
underfilled or unfilled POE. As 93% of the canal 
ramifications occur in the apical 3 mm (10), logically, 
the clinician should attempt to treat the root canal 
system to the full extent of the anatomy. Failure to 
address these anatomical concerns will leave the 
etiology of failure unremoved and re-infection, even 
after the removal of a periapical lesion, may reoccur. 
Clearly, root canal systems are more complex than 
thought previously. Significant pulpal anatomy such as 
accessory canals and isthmuses has to be considered 
when performing both non-surgical and surgical 
endodontic treatment. The acceptance of the signifi- 
cance of these anatomic complexities and the need to 
eliminate them may in fact have been the genesis of 
modern apical surgery, which could further be appre- 
ciated with the introduction of magnification. 



Fig. 6. Takahashi model of a mandibular molar. Note the 
anatomical complexities present in both roots. 

A brief history of magnification 

Although the first accurate lenses were not made 
until about the year 1300, credit for the first micro- 
scope is usually given to Hans and Zacharias Jansen, a 
father and son who operated a Dutch lens -grinding 
business, around 1595 (11). They produced both 
simple (single lens) and compound (two lenses) 
microscopes. 

Using a compound microscope, in 1665, Robert 
Hooke coined the word cell while describing features of 
plant tissue (11). Another pioneer of microscopy 
Anton van Leeuwenhoek produced single lenses 
powerful enough to enable him to observe bacteria 
2-3 |um in diameter in 1674 (11). 

Little was done to improve the microscope until the 
middle of the 19th century when Carl Zeiss, Ernst 
Abbe, and Otto Schott devoted significant time to 
develop the microscope, as we know it today. While 
Zeiss concentrated on the manufacturing process, 
Abbe and Schoot devoted their time to the theoretical 
study of optical principles and conducting research on 
glass (12). Their product was the genesis of the surgical 
operating microscope (SOM) that ultimately found its 
way into the practice of medicine. 
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Evolution of magnification and 
illumination in medicine 

In 1921, Dr Carl Nylen (13) of Germany reported the 
use of a monocular microscope for operations to 
correct chronic otitis of the ear. The unit had two mag- 
nifications of x 10 and x 15 and a 10 mm diameter 
view of the field. This microscope had no illumination. 

In 1922, the Zeiss Company (Germany) working 
with Dr Gunnar Holmgren of Sweden, introduced a 
binocular microscope for treating otosclerosis of the 
middle ear. This unit had magnifications of x 8- x 25 
with field-of-view diameters of 6-12 mm (14). 

In the United States ophthalmologists were using the 
slit lamp for examination of the anterior structures of 
the eye before World War II, but it was the otologists 
who introduced the SOM to the medical community. 
In the late 1940s, Dr Jules Lempert, a leading mastoid 
surgeon from New York, had been using loupes to 
perform his surgery. Dr Lempert realized the limita- 
tions of loupes. He needed more magnification and 
illumination and was in search of a microscope. While 
attending a show of industrial equipment in Germany, 
he found a microscope that he felt he could adapt. This 
was the Zeiss epi-teknoscope. Zeiss sold three of these 
units to the Storz Instrument Company in St Louis, 
Missouri, one of which went to the Lempert Institute 
of Otology (15). The epi-teknoscope was based on 
Galilean optics. Galilean optics are those optics that 
focus at infinity. This is markedly different from 
Greenough optics (convergent optics), which are 
found in dissecting or laboratory microscopes. Green- 
ough- type microscopes necessitate observation with 
convergent eyes, resulting in accommodation of the 
observer and eye fatigue. The advantage of Galilean 
optics is that the light beams going to each eye are 
parallel. With parallel light instead of converging light, 
the operator's eyes are at rest as if he were looking off 
into the distance. Therefore, operations that use the 
SOM and take several hours can be performed without 
eye fatigue. 

Dr Samuel Rosen, an otologist from Philadelphia, 
learned of the microscope that Dr Lempert had 
obtained. He also purchased one and developed a 
procedure to replace the stapes mobilization technique 
with one that could restore permanent hearing after the 
tiny bones of the middle ear had ossified (15). 

The formal introduction of the binocular operating 
microscope took place in 1953 when Zeiss introduced 


the Opton ear microscope. This was the forerunner of 
the OPMI 1 (the first modern microscope). The Opton 
had a 5 -step magnification changer, which could pro- 
duce magnifications in five steps from x 1.2 to x 40 
and field-of-view diameters from 4.8 to 154 mm. 
Working distances were a remarkable 200-400 mm. 
The Opton had built-in coaxial illumination, which 
added immensely to visual acuity (14). 

The use of the SOM in ophthalmology developed at a 
much slower rate. Many ophthalmic procedures could 
be performed without the microscope. Initially, loupes 
seemed adequate, and emphasis was placed on devel- 
oping better loupes. Light amplification was not a 
particular problem because side illumination was 
available. The need for a co- axial illumination light 
source (found in an SOM) did not become important 
to ophthalmologists until they started performing extra 
capsular cataract extraction. In order to see the 
posterior capsule, a red reflex from the retina was 
needed. This reflex is produced by co- axial illumination 
(15). Many ophthalmologists during the early 1970s 
felt that the SOM made simple and highly successful 
operations complicated and drawn out. However, a few 
clinicians began to use the c ear scope,' as it was called, 
to perform cataract removal. They soon recognized the 
advantage of the wide field, better depth of focus, 
better illumination, and the advantage of variable 
magnification when using the SOM instead of loupes. 

The development of the SOM in neurosurgery was 
similar to that in ophthalmology. In 1966, while 
performing cranial nerve dissections at UCLA on a 
closed-circuit television for dental students, Dr Peter 
Jannetta, a neurosurgeon, made an anatomical dis- 
covery. The trigeminal nerve is generally described as 
emerging in the cerebellopointine angle in two 
bundles: sensory (portio major) and motor (portio 
minor). Jannetta noted a portio intermedius, which he 
theorized needed to be preserved when cutting the 
portio major in order to preserve light touch percep- 
tion after surgery for trigeminal neuralgia. Using the 
SOM, he further developed a microvascular decom- 
pression procedure to visualize and free up small blood 
vessels wrapped around the trigeminal nerve root, 
thereby relieving compression on the nerve and 
eliminating the symptoms of trigeminal neuralgia (16). 

In the mid 1970s, Contraves AG of Zurich, in 
conjunction with Dr M Gazi Yasargil (Switzerland) and 
Dr Leonard Malis (USA), introduced a neurosurgical 
floor stand, which combined a perfectly balanced 
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suspension of the microscope with electromagnetic 
locking of each primary axis of the various floor stand 
elements (14). Advancements of this nature made the 
SOM a mainstay in the modern hospital operating 
room for all medical disciplines. 

Evolution of magnification and 
illumination in dentistry 

The use of magnification to enhance visualization in 
dentistry dates back over a century. In 1876, Dr Edwin 
Saemisch, a German ophthalmologist, introduced 
simple binocular loupes to surgery (17). Soon after, 
dentists began experimenting with loupes to assist in 
the performance of precision dentistry and this 
continued to be the practice until the late 1970s. 

In 1962, Dr Geza Jako, an otolaryngologist, used the 
SOM in oral surgical procedures (18). Dr Robert 
Baumann, an otolaryngologist and practicing dentist, 
described the use of the otologic microscope in den- 
tistry in 1977 (19). He predicted that the SOM would 
find a place in the armamentarium of the modern 
dentist as it did in otorhinolaryngology, neurosurgery, 
vascular medicine, and gynecology. 

In 1978, Dr Harvey Apotheker, a dentist from 
Massachusetts, and Dr Jako began the development 
of a microscope specifically designed for dentistry. In 
1980, Dr Apotheker coined the term 'microdentistry' 
(20, 21). The 'DentiScope' (Fig. 7) was manufactured 
by Chayes -Virginia Inc., USA, and marketed by the 
Johnson and Johnson Company. The Dentiscope had a 
single magnification of x 8 and dual fiberoptic lights, 
which were directed toward the surgical field. The unit 
could be mounted on a mobile stand or could be 
permanently mounted to a wall. Unfortunately, be- 
cause of lack of initial interest in the product, the 
Dentiscope was dropped from production. Despite this 
setback, there was still interest in using the SOM in 
dentistry. 

In July of 1982, the First International Congress in 
Microsurgical Dentistry was held in Bordeaux, France. 
Drs Jean Boussens and Ducamin-Boussens chaired the 
meeting. In attendance were many of the early pioneers 
including Drs Baumann, Jako, and Apotheker (22). 
Dr Apotheker continued to work with and research on 
the operating microscope. In 1984, along with Dr 
Howard Reuben, they reported its use for the first time 
in apical surgery (23). Two years later, Dr Howard 
Selden reported his experience with the SOM (24). 



Fig. 7. The original Dentiscope (courtesy of Dr Noah 
Chivian). 

Interest surged again among endodontists in 1989 
when Drs Noah Chivian and Sandy Baer formed a 
company called Microdontics and sold the remaining 
DentiScopes. All of these microscopes found their way 
into endodontic offices throughout the United States 
by the end of the decade. 

Dr Gabriele Pecora gave the first presentation 
on the use of the SOM in surgical endodontics 
at the 1990 annual session of the American Associa- 
tion of Endodontists in Las Vegas, Nevada. He used 
the Zeiss OPMI I SOM. Dr Richard Rubinstein 
and Dr Gary Carr began using medical- grade 
microscopes for apical surgery in 1990 and reported 
on their experience (25-28). Shortly thereafter, 
Dr Carr founded the Pacific Endodontic Research 
Foundation, which was dedicated to teaching micro- 
endodontics. 

In March of 1993, 11 years after the introduction of 
the DentiScope, the first symposium on microscopic 
endodontic surgery was held at the University of 
Pennsylvania School of Dental Medicine. The first 
university- based training program was founded at the 
University of Pennsylvania, School of Dental Medicine 
shortly thereafter. 
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By 1995, there was considerable increase in the use of 
the SOM. Microscope companies such as Zeiss, Global, 
and JEDMED offered microscopes with a variety of 
features that could accommodate virtually any practi- 
tioner and office environment. Improved lighting 
systems, variable adjustable binoculars, and improved 
ergonomics created opportunities for visual acuity that 
were far superior to what was available just a decade 
earlier. 

In the summer of 1995, a workshop was held for 
endodontic department chairmen and program direc- 
tors to address the need for enhanced magnification 
and its role in advanced specialty education programs. 
The American Association of Endodontics sponsored 
the workshop. Drs Carr, Rubinstein, Ruddle, West, 
Kim, Arens, and Chivian, all early pioneers in endo- 
dontic microscopy, taught the course that was both 
lecture and hands-on. At the end of the 2 -day work- 
shop, there was a unanimous decision among the 
teachers to recommend that proficiency in the use of 
the microscope in both surgical and non- surgical 
treatment be included in postgraduate endodontic 
education programs to the Commission on Dental 
Accreditation of the American Dental Association. The 
Commission met in January 1996, and the mandatory 
teaching of microscopy was passed and included in the 
new Accreditation Standards for Advanced Specialty 
Education Programs in Endodontics. The new stan- 
dards went into effect in January 1997. As in medicine, 
the incorporation of the SOM moved slowly but it has 
ultimately changed the fields of both surgical and non- 
surgical endodontics and the way they are practiced. 

In 1999, Mines et al. (29) reported the frequency of 
use of the microscope as a function of years since 
completing advanced endodontic education as follows: 
<5 year, 71%; 6-10 years, 51%; and >10 years, 44%. 
The most frequent use of the microscope in apical 
surgery was in root- end preparations and in placing 
root- end fillings. Since this study was reported, more 
endodontic residents have completed programs and are 
now in practice and more non-users have retired. One 
can assume that the frequency of use has increased and 
will continue to increase in time. 

As an alternative to the SOM, some practitioners use 
loupes, loupes in conjunction with headlamps, and the 
recently introduced endoscope for apical surgery. A 
review of each of these choices of magnification and 
illumination will point out their benefits and limitations 
as surgical adjuncts. 


Loupes 

Historically, dental loupes have been the most common 
form of magnification used in apical surgery (Fig. 8). 
Loupes are essentially two monocular microscopes with 
lenses mounted side by side and angled inward 
(convergent optics) to focus on an object. The 
disadvantage of this arrangement is that the eyes must 
converge to view an image. This convergence over time 
will create eyestrain and fatigue and, as such, loupes 
were never intended for lengthy procedures. Most 
dental loupes used today are compound in design and 
contain multiple lenses with intervening air spaces. This 
is a significant improvement over simple magnification 
eyeglasses but falls short of the more expensive prism 
loupe design. 

Prism loupes are the most optically advanced type of 
loupe magnification available today. They are actually 
low-power telescopes that use refractive prisms. Prism 
loupes produce better magnification, larger fields of 
view, wider depths of field, and longer working 
distances than other types of loupes. Only the SOM 
provides better magnification and optical character- 
istics than prism loupes. 

The disadvantage of loupes is that x 3.5- x 4.5 is 
the maximum practical magnification limit. Loupes 
with higher magnification are available but they are 
quite heavy and if worn for a long period of time can 
produce significant head, neck, and back strain. In 
addition, as magnification is increased, both the field of 
view and depth of field decrease, which limits visual 
opportunity. 
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Fig. 9. Surgeon with a surgical headlamp and x 2.5 
loupes (Designs for Vision). 


Visual acuity is heavily influenced by illumination. An 
improvement to using dental loupes is obtained when a 
fiberoptic headlamp system is added to the visual 
armamentarium (Fig. 9). Surgical headlamps can 
increase light levels as much as four times that of 
traditional dental operatory lights. Another advantage 
of the surgical headlamp is that since the fiberoptic light 
is mounted in the center of the forehead, the light path 
is always in the center of the visual field. 

Endoscopy 

Endoscopy is a surgical procedure whereby a long tube 
is inserted into the body usually through a small 
incision. It is used for diagnostic, examination, and 
surgical procedures in many medical fields. Goss and 
Bosanquet (30) reported that Ohnishi first used the 
endoscope in dentistry to perform an arthroscopic 
procedure of the temporomandibular joint in 1975. 
Detsch et al. (31) first used the endoscope in 
endodontics to diagnosis dental fractures in 1979. 
Held et al. (32) and Shulman & Leung (33) reported 
the first use of the endoscope in surgical and non- 
surgical endodontics in 1996. Bahcall et al. (34) 
presented an endoscopic technique for endodontic 
surgery in 1999. 

The endoscopic system consists of a telescope with a 
camera head, a light source, and a monitor for viewing. 
The traditional endoscope used in medical procedures 
consists of rigid glass rods and can be used in apical 
surgery and non-surgical endodontics. A 2.7mm lens 
diameter, a 70° angulation, and a 3 cm long rod-lens are 
recommended for surgical endodontic visualization 


and a 4 mm lens diameter, a 30° angulation, a 4 cm long 
rod-lens are recommended for non-surgical visualiza- 
tion through an occlusal access opening (35). The 
recently introduced flexible fiberoptic orascope is 
recommended for intracanal visualization, has a 
.8 mm tip diameter, 0° lens, and a working portion 
that is 15 mm in length. 

The term orascopy describes the use of either the 
rigid rod-lens endoscope or the flexible orascope in the 
oral cavity. The recently introduced Endodontic 
Visualization System (EVS) (JEDMED Instrument 
Company, St Louis, MO, USA) incorporates both 
endoscopy and orascopy into one unit (Fig. 10). The 
EVS system allows for two methods of documentation. 
The camera head used in the EVS system is an S -video 
camera and, as such, documentation is usually accom- 
plished by recording streaming video onto tape or 
digitized to DVD. Digital stills can be obtained by 
using the JEDMED Medicapture system, which can 
work with any existing video system. Images are 
captured on a USB flash drive in either JPEG or BMP 
format with a resolution of up to 1024 x 768 pixels 
and transferred to a computer for editing and place- 
ment into case reports or presentations. 

Clinicians who use orascopic technology appreciate 
the fact that it has a non-fixed field of focus, which 
allows visualization of the treatment field at various 
angles and distances without losing focus and depth of 
field (36). Unlike the treatment fields when loupes or a 
microscope is used, the endoscope and orascope are in 
much closer proximity to the field of treatment. 
Moving the lens closer to the point of observation 
creates various levels of magnification. This equates to 
greater clarity at higher magnification, often in the 
range of x 30- x 40. Because of this close proximity 
to the point of observation, factors like condensation 
and blood can affect the clarity of the image and the use 
of anti-fog solutions are recommended. Furthermore, 
endoscopes and orascopes will not provide a discernible 
image when placed in blood, dictating the need for 
excellent hemostasis in the operating field. Observation 
of the surgical field for both the operator and the 
assistant is through a monitor (Fig. 10). Critics of this 
form of magnification point out that the images viewed 
are two-dimensional and too restrictive to be useful 
when compared with the stereoscopic images provided 
with loupes or microscopes. 

Orascopy was never intended to replace loupes or the 
microscope but rather to complement these other 
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Fig. 10. Endodontic visualization system utilizing a fixed 
rod lens for apical surgery (courtesy of Dr James Bahcall). 

forms of magnification when specific magnification is 
needed (37). Bahcall & Barss (35) recommend using 
x 2 to x 2.5 loupes for visualization in conjunction 
with the use of the endoscope in apical surgery to reflect 
gingival tissue, remove cortical and medullary bone, 
and isolate the root end. They further recommend that 
the endodontist hold the endoscope with a comfor- 
table pen grasp while the assistant retracts the gingival 
tissue and suctions during surgical treatment. 

SOM 

One of the most important developments in surgical 
endodontics in recent years has been the introduction 
of the SOM. Most microscopes can be configured to 
magnifications up to x 40 and beyond (Figs 11-13) 
but limitations in depth of field and field of view make 
it impractical. The lower-range magnifications (x 2.5- 
x 8) are used for orientation to the surgical field and 
allow for a wide field of view. Mid -range magnifications 
(x 10 - x 16) are used for operating. Higher- range 
magnifications (x 20 - x 30) are used for observing 
fine detail. The most significant advantages of using the 
SOM are in visualizing the surgical field and in 
evaluating surgical technique (Fig. 14). Clearly, if a 
task can be seen better it can be performed better. 
Fractures, POEs, and canal isthmuses can be readily 
seen and dealt with accordingly. 

Magnification 

The magnification possibilities of a microscope are 
determined by the power of the eyepiece, the focal 



Fig. 11. JEDMED V-Series SOM with assistant 
binoculars, a three- chip video camera, and counter 
balanced arms. 



Fig. 12. Global G-6 SOM (Global Surgical™ 
Corporation, St Louis, MO, USA) with an enhanced 
metal halide illumination system. 

length of the binoculars, the magnification changer 
factor, and the focal length of the objective lens. 
Diopter settings on the eyepieces adjust for accom- 
modation and refractive error of the operator. As in a 
typical pair of field binoculars, adjusting the distance 
between the two binocular tubes sets the interpupillary 
distance. Binoculars are now available with variable 
inclinable tubes from 0° to 220° to accommodate 
virtually any head position. 

Magnification changers are available in 3-, 5-, or 6- 
step manual changers, manual zoom, or power zoom 
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Fig. 13. Zeiss OPMI PROergo (Carl Zeiss Surgical Inc., 
Thornwood, NY, USA) with magnetic clutches, power 
zoom, and power focus on the handgrips. 


* 



Fig. 14. Micro-mirror view of SuperEBA™ retrofill at 
x 16. 

changers. Manual step changers consist of lenses that 
are mounted on a turret (Fig. 15). The turret is 
connected to a dial, which is located on the side of the 
microscope housing (Fig. 16). The dial positions one 
lens in front of the other within the changer to produce 
a fixed magnification factor. Rotating the dial reverses 
the lens positions and produces a second magnification 
factor. A typical 5 -step changer has two sets of lenses 
and a blank space on the turret without a lens. When 
you factor in the power of the eyepiece, the focal 
lengths of the binoculars, and the objective lens with 
the magnification changer lenses, five fixed powers of 
magnification are obtained: two from each lens 
combination and one from the blank space. A manual 
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Fig. 15. Cross -sectional diagram of a typical 5 -step SOM 
head showing the turret ring in the body of the 
microscope. 



Fig. 1 6 . Turning the dial rotates the turret ring inside the 
body of the SOM and creates five magnification factors. 

zoom changer is merely a series of lenses that move 
back and forth on a focusing ring to give a wide range of 
magnification factors. A power zoom changer is a 
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mechanized version of the manual zoom changer. Power 
and manual zoom changers avoid the momentary visual 
disruption or jump that is observed with manual step 
changers as you rotate the turret and progress up or 
down in magnification. Power zoom changer micro- 
scopes have foot controls, which allow the surgical field 
to be focused and magnified hands-free. 

The SOM is focused much like a laboratory micro- 
scope. The manual focusing control knob is located on 
the side of the microscope housing and changes the 
distance between the microscope and the surgical field. 
As the control knob is turned, the microscope is 
brought into focus. Some microscopes are fine focused 
by turning a focusing ring mounted on the objective 
lens housing. 

The focal length of the objective lens determines the 
operating distance between the lens and the surgical 
field. With the objective lens removed, the microscope 
focuses at infinity. Many endodontic surgeons use a 
200 mm lens, which focuses at about 8 in. With a 
200 mm lens there is adequate room to place surgical 
instruments and still be close to the patient. 

As mentioned earlier, as you increase the magnifica- 
tion, you decrease the depth of field and field of view. 
While this is a limitation for fixed magnification loupes, 
it is not a limiting factor with the SOM because of the 
variable ranges of magnification. If the depth of field or 
field of view is too narrow, the operator merely needs to 
back off on the magnification as necessary to view the 
desired field. 

Illumination 

The light provided in an SOM is two to three times 
more powerful than surgical headlamps and, in many 
endodontists offices, has replaced standard overhead 
operatory lighting. 

As can be seen in Fig. 15, the light enters the 
microscope and is reflected through a condensing lens 
to a series of prisms and then through the objective lens 
to the surgical field. After the light reaches the surgical 
field, it is then reflected back through the objective lens, 
through the magnification changer lenses, through the 
binoculars, and then exits to the eyes as two separate 
beams of light. The separation of the light beams is 
what produces the stereoscope effect that allows us to 
see depth. 

Illumination with the SOM is coaxial with the line of 
sight. This means that light is focused between the eyes 


in such a fashion that you can look into the surgical site 
without seeing any shadows. Elimination of shadows is 
made possible because the SOM uses Galilean optics. 
As stated earlier, Galilean optics focus at infinity and 
send parallel beams of light to each eye. With parallel 
light, the operator's eyes are at rest and therefore 
lengthy operations can be performed without eye 
fatigue. 

Accessories 

A beam splitter can be inserted into the pathway of light 
as it returns to the operator's eyes. The function of the 
beam splitter is to supply light to an accessory such as a 
video camera or digital still camera. In addition, an 
assistant articulating binocular can be added to the 
microscope array. 

The advantages of adding assistant articulating 
binoculars are numerous. The assistant becomes 
optically important to the surgical team and develops 
a keener understanding not only of what is expected in 
the surgery but why it is expected (Fig. 17). She/he 
sees stereoscopically exactly what the operator sees. 
Placement of a surgical suction becomes accurate and 
the assistant can visually anticipate the surgeon's next 
step in the procedure. Most clinicians have found that 
bringing the assistant into the visual sphere increases 
job satisfaction significantly. 


Documentation 

Historically, there have been a number of ways to 
incorporate documentation while using the micro- 



Fig. 17. Doctor and assistant at the surgical operating 
microscope. 


65 


Rubinstein 


scope. Among them have been 35 mm photography, 
sublimation dye prints, and videotaping. With the 
introduction of digital radiography systems, clinical 
images can now be captured on a video capture card 
installed on the operatory computer. The video camera 
mounted on the microscope's beam splitter sends a 
real-time video signal and an unlimited number of 
images can be captured or recorded during the 
procedure. These images can then be saved along with 
radiographic images and reviewed with the patient after 
the surgery (Fig. 18). 

As stated previously, digital recording systems like the 
JEDMED Medicapture System provide another alter- 
native for recording digital images. The unit can be 
placed in line with any video signal and images can be 
recorded on a USB flash drive and transferred to a 
computer for use at a later time. Digitally created 
clinical and radiographic images, regardless of the 
source, can then be exported to a Microsoft Word 
document for case reporting or placed into PowerPoint 
presentations for teaching purposes. 

Using the microscope and digital radiographic 
systems in this way provides opportunities for un- 
surpassed doctor and patient communication. Further- 
more, communication with referring dentists and 
teaching possibilities are also enhanced. 



Fig. 18. Digital radiographs and clinical images on 19' 
flat panel LCD screen. 


Ergonomics 

As stated earlier, the binoculars on many SOMs have 
variable inclination. This means that the operator's 
head can develop and maintain a comfortable position. 
All stooping and bending is eliminated, thereby forcing 
the operator to sit up straight tilting the pelvis forward 
and aligning the spine in proper position. This 
positioning should create a double s- curvature of the 
spine, with lordosis in the neck, kyphosis in the mid- 
back, and lordosis again in the lower spine. Such 
posturing is not possible when the clinician is wearing a 
headlamp and loupes or using an endoscope. With 
these devices, there is still the tendency to bend over 
the patient, creating poor ergonomics and developing 
head, neck, and shoulder strain. Constant bending over 
the patient collapses the diaphragm and may inhibit 
oxygen exchange causing fatigue later in the workday. 
This is eliminated with the upright positioning 
achieved while using the SOM. 

While performing apical surgery, the clinician uses 
two assistants (Fig. 19). The primary assistant or 
suctioning assistant is seated so that she/he can observe 
the doctor's perspective through the assistant articulat- 
ing microscope. The secondary assistant stands to the 
doctor's dominant side and is responsible for placing 
instruments into the doctor's hand. If desired, the 
secondary assistant can view the surgery in real time on 
either of two monitors placed in the operatory, which 
display digital radiographs and real-time video. Posi- 
tioned this way, the doctor should never have to take his 
eyes from the SOM and the surgical field and should be 
able to maintain an appropriate and beneficial posture 
throughout the entire procedure. 



Fig. 19. Doctor using two assistants during apical surgery. 
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Misconceptions about surgical 
microscopes 

Magnification 

A frequently asked question is 'how powerful is your 
microscope'? The question really addresses the issue of 
useable power. Useable power is the maximum object 
magnification that can be used in a given clinical 
situation relative to depth of field and field of view The 
question then becomes c how useable is the maximum 
power'? While magnification in excess of x 30 is 
attainable, it is of little value while performing apical 
surgery. Working at a higher magnification is extremely 
difficult because slight movements by the patient 
continually throw the field out of view and out of 
focus. The operator is then constantly re -centering and 
refocusing the microscope. This wastes a considerable 
amount of time and creates unnecessary eye fatigue. 
Those clinicians who use the endoscope for apical 
surgery would also agree that higher magnifications are 
for critical evaluation only and not for operating. 

Illumination 

There is a limit to the amount of illumination that an 
SOM can provide. As you increase the magnification, 
you decrease the effective aperture of the microscope 
and therefore limit the amount of light that can reach 
the surgeon's eyes. This means that as higher magni- 
fications are selected, the surgical field will appear 
darker. In addition, if a beam splitter is attached to the 
microscope, less light will be available for the photo 
adapters and auxiliary assistant binoculars. This de- 
crease in illumination at a higher magnification is not a 
problem while using the endoscope because the light 
source of the endoscope is at the tip of the endoscope 
and the camera compensates for any light loss. 
Furthermore, depth of field concerns while using the 
endoscope are not an issue because the aperture of the 
endoscope is quite small and, as in photography, as you 
decrease the aperture or the f-stop, you increase the 
depth of field. 

Depth Perception 

Before apical surgery can be performed with an SOM, 
the clinician must feel comfortable receiving an 
instrument from his assistant and placing it between 


the microscope and the surgical field. Learning depth 
perception and orientation to the microscope takes 
time and patience. There is a learning curve and it will 
vary among operators. As a general rule, it is suggested 
that each clinician reorient himself to the SOM prior to 
beginning each surgery and practice various surgical 
scenarios with his assistants prior to each case. If the 
clinician is not a recent graduate of an advanced 
specialty training program in endodontics, it is strongly 
suggested that he enroll in a university- based micro- 
surgical training program prior to purchasing a 
microscope to avoid making costly mistakes. 

Access 

One of the problems encountered in apical surgery is 
gaining physical access to the sight of infection. The 
SOM will not improve access to the surgical field. If 
access is limited for traditional surgical approaches, it 
will be even more limited when the microscope is 
placed between the surgeon and the surgical field. Use 
of the SOM, however, will create a much better view of 
the surgical field. This is particularly true in diagnosing 
craze lines and cracks along the bevelled surface of a 
root or when the surgeon is preparing a tiny isthmus 
between two canals ultrasonically. Because vision is 
enhanced so dramatically, apical surgery can now be 
performed with a higher degree of confidence and 
accuracy. Repeated use of the microscope and con- 
current stereoscopic visualization will help the clinician 
develop visual imagery of the various stages of apical 
surgery, which is necessary in learning sophisticated 
surgical skills. 

Flap Design and Suturing 

Incising and reflecting soft-tissue flaps are not high- 
magnification procedures. In many cases, they can be 
performed with the naked eye or with low-power 
loupes. Basic single interrupted stitch suturing can also 
be performed with little to no magnification. While the 
microscope could be used at low magnification, little is 
gained from its use in these applications. However, with 
the introduction of the delicate papilla base incision, 
which requires the use of 7-0 sutures and a minimum of 
two sutures per papilla microscopic magnification, with 
a minimum of x 4.3, is suggested (38). The SOM is 
used at its best advantage for osteotomy, apicoectomy 
(apicectomy), apical preparation, retro filling, and 
documentation . 
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Apical microsurgery 

As stated previously, one of the most important 
advantages of using the operating microscope is in 
evaluating the surgical technique. It has been said that 
necessity is the mother of invention. This is also true 
when it comes to the design and application of surgical 
instruments. Those pioneers who began using the 
microscope some two decades ago observed early on 
that most traditional surgical instruments were too 
large to be placed accurately in small places, or that they 
were too traumatic when used to manage soft and hard 
tissue. This led to the development of a microsurgical 
armamentarium and the true practice of apical micro- 
surgery. 

Apical microsurgery can be divided into 20 stages or 
sections. These are flap design, flap reflection, flap 
retraction, osteotomy, periapical curettage, biopsy, 
hemostasis, apical resection, resected apex evaluation, 
apical preparation, apical preparation evaluation, dry- 
ing the apical preparation, selecting retrofilling materi- 
als, mixing retrofilling materials, placing retrofilling 
materials, compacting retrofilling materials, carving 
retrofilling materials, finishing retrofilling materials, 
documenting the completed retrofill, and tissue flap 
closure. 

While it is beyond the scope of this paper to discuss all 
of the instruments that could be used in the various 
stages, it is appropriate to discuss those that are of 
particular import to the microscopic component of 
apical surgery, many of which have been recently 
introduced. 

After anesthesia is obtained, micro -scalpels (Fig. 20) 
(SybronEndo, Orange, CA, USA) are used in the 
design of the tissue flap to incise delicately the 



Fig. 20. A variety of micro scalpels sized 1-5 used for 
precise incision. 



Fig. 21 . Comparison of the small ends of two mini-Molts 
and a standard Molt 2-4 curette. 

interdental papillae when full -thickness flaps are re- 
quired. Vertical incisions are made l^to two times 
longer than in traditional apical surgery to assure that 
the tissue can be easily reflected out of the light path of 
the microscope. 

Historically, tissues have been reflected with a Molt 2- 
4 curette or a variation of the Molt 2-4. This 
instrument is double ended and the cross -sectional 
diameters of the working ends are 3.5 and 7mm. 
Under low-range magnification, it can readily be seen 
that even the smallest end of this instrument is too large 
to place beneath the interdental papilla without causing 
significant tearing and trauma to the delicate tissues. 
Rubinstein Mini-Molts (Fig. 21) (JEDMED Instru- 
ment Company) are now available in two configura- 
tions whose working ends are 2 and 3.5 mm and 2 and 
7 mm. The smaller ends of these instruments provide 
for atraumatic elevation of the interdental papilla 
making flap reflection more predictable and gentle to 
the tissues. 

Once the tissue has been reflected, instruments such 
as the Minnesota retractor have been used to retract the 
tissue away from the surgical field while assuring visual 
access. Maintaining pressure on this instrument for 
even a short period of time often causes restriction of 
blood flow to the fingers of the operator and its use can 
be quite uncomfortable. A series of six retractors 
(JEDMED Instrument Company) (Fig. 22) offering 
a variety of serrated contact surfaces that are flat, 
notched, and recessed have been introduced to allow 
the operator several options for secure placement in 
areas of anatomical concern. Among these are place- 
ments over the nasal spine, canine eminence, and 
mental nerve. The blades of the retractors are designed 
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Fig. 22. Blade and contact surfaces of the Rubinstein 
Retractors 1-6. 

to retract both the flap and the lip and are bent at 110° 
to keep the retractor and operators hand out of the 
light path of the microscope. The handles are 
ergonomically designed to decrease cramping and 
fatigue and can be held in a variety of grips. A seventh 
retractor offering universal positioning has recently 
been introduced. 

Because the SOM enhances vision, bone removal can 
be more conservative. Handpieces such as the Impact 
Air 45™ (SybronEndo), introduced by oral surgeons to 
facilitate sectioning mandibular third molars, are also 
suggested for apical surgery to gain better access to the 
apices of maxillary and mandibular molars. When using 
the handpiece, the water spray is aimed directly into the 
surgical field but the air stream is ejected out through 
the back of the handpiece, thus eliminating much of the 
splatter that occurs with conventional high-speed 
handpieces. Because there is no pressurized air or 
water, the chances of producing pyemia and emphyse- 
ma are significantly reduced. 

Burs such as Lindemann bone cutters (Brasseler 
USA, Savannah, GA, USA) are extremely efficient and 
are recommended for hard- tissue removal. They are 
9 mm in length and have only four flutes, which result 
in less clogging. With the use of an SOM, the Impact 
Air 45™ and high-speed surgical burs can be placed 
even in areas of anatomical jeopardy with a high degree 
of confidence and accuracy (Fig. 23). 

With the SOM, periapical curettage is facilitated 
because bony margins can be scrutinized for complete- 
ness of tissue removal. A Columbia 13-14 curette is 
recommended in small crypts because it is curved and 
can reach the lingual aspect of a root. After the 
Columbia 13-14 is used, the Jacquette 34/35 scaler 



Fig. 23. Impact Air 45™ and surgical length bur in close 
proximity to the mental nerve x 8. 


is recommended to remove the remainder of the 
granulomatous tissue. Because of its sharp edge, the 
Jacquette 34/35 is an excellent instrument for remov- 
ing granulomatous tissue from the junction of the 
cemental root surface and the bony crypt. The more the 
tissue that can be removed the less the work for the 
body to do relative to wound healing. 

There is agreement that the main cause of failure 
in conventional endodontic treatment is the clinician's 
inability to adequately clean, shape, and obturate 
the entire root canal system (39). As stated previously, 
the majority of this uncleaned anatomy is located in the 
apical 3 mm (8, 9, 10) and for this reason a 3 mm 
resection is recommended. With the introduction of 
ultrasonics for creating root- end preparations, a 
second reason for a 3 mm resection has emerged. 
Layton et al. (40), Beling et al. (41), Min et al. (42), 
Morgan & Marshall (43), and Rainwater et al. (44) 
have studied the incidence of craze line, cracks and 
fractures in the root and cemental surfaces after 
ultrasonic root- end preparations. While all of these 
studies showed a statistically significant increase, none 
has shown any clinical significance as a result of their 
findings. Inasmuch as the greatest cross -sectional 
diameter of a root in the apical 6 mm is typically at 
the 3 mm level, this should be the location of the 
resection in order to create an adequate buffer or 
cushion to absorb the potential deleterious effects of 
ultrasonic energy. 

Traditionally, a long bevel was created in order to 
provide access for a microhead handpiece. With the 
introduction of periapical ultrasonics, little to no bevel 
is needed. This results in fewer cut dentinal tubules and 
less chance of leakage. 
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Fig. 24. CX-1 explorer locating an untreated portal of 
exit on the bevelled surface of a previously retrofilled root 
at x 20. 


After the root- end resection has been completed, the 
bevelled surface of the root can be examined 
under mid-range magnification. Using a small CX-1 
micro explorer (SybronEndo), small micro fractures, 
isthmuses, and POEs can readily be seen (Figs 24 
and 25). 

Since the introduction of ultrasonic technology in the 
early 1990s by Carr (27), apical preparations have been 
made with ultrasonic tips. These tips are driven by a 
variety of commercially available ultrasonic units, which 
are self-tuning regardless of changes in tip or load, for 
maximum stability during operation. A piezoelectric 
crystal made of quartz or ceramic located in the 
handpiece is vibrated at 28 000-40 000 cycles per 
second and the energy is transferred to the ultrasonic 
tip in a single plane. Dentin is then abraded micro- 
scopically and gutta-percha is thermoplasticized. Con- 
tinuous irrigation along the tip cools the cutting 
surface while maximizing debridement and cleaning. 

Since their initial introduction, a variety of tips and tip 
configurations have been introduced to accommodate 
virtually any access situation. Most ultrasonic tips are 
0.25 mm in diameter and approximately 3 mm in 
length. When used, they are placed in the long axis of 
the root so that the walls of the preparation will be 
parallel and encompass about 3 mm of the apical 
morphology. As the piezoelectric crystal in the hand- 
piece is activated, the energy is transferred to the 
ultrasonic tip, which then moves forward and backward 
and dentin is 'brush cut' away in gentle strokes. The 
combination of the SOM and ultrasonic tips makes 
previously challenging cases routine. By combining 
magnification and ultrasonic technology, apical 


Fig. 25. CX-1 explorer locating a crack on the facial 
surface of a root at x 20. 


Fig. 26. Thermoplasticized gutta-percha 
around a stainless -steel tip at x 16. 


spinning 


preparation can be visualized and executed with a high 
level of confidence that was previously unattainable. 

Brent et al. (45) studied the incidence of intradentin 
and canal cracks in apical preparations made with 
stainless -steel and diamond- coated ultrasonic tips. 
They found that diamond-coated tips do not result in 
significant root- end cracking and can remove cracks 
caused by prior instruments. For this reason, diamond- 
coated tips are suggested as the last ultrasonic tip to be 
used in root- end preparation. Furthermore, clinical use 
of diamond tips has shown that they are more efficient 
at removing gutta-percha when compared with stain- 
less-steel tips. The irregular surface of the diamond 
coating appears to grab and hold the gutta-percha faci- 
litating removal. When using smooth- surfaced ultra- 
sonic tips, the gutta-percha just spins on the smooth 
surface making removal difficult (Figs 26 and 27). 

When using ultrasonic tips, the clinician should use 
gentle brush strokes with the smallest tip possible to 
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Fig. 27. Thermoplasticized gutta-percha 'walking' out of 
the preparation at x 16. 



Fig. 28. Off- axis angulation with an ultrasonic tip at 
x 16. 


conserve root dentin. This procedure should be 
observed while using mid-range magnification of the 
SOM. Pressure on the tip should be gentle. If resistance 
is met, it is assumed that the tip is lingually verted. The 
operator should then back off to low-range magnifica- 
tion to verify whether the tip is in the long axis of the 
root. If this step is not taken and a lingually verted path 
is continued, a perforation of the root might occur 
(Fig. 28). 

There have been no clear guidelines on how to make 
the apical preparation until recently. Gilheany et al. (46) 
studied the angle of the bevel and the depth of the 
preparation from the facial wall necessary to affect an 
adequate apical seal. They reported that a 1 mm 
preparation was necessary with a 0° bevel, a 2.1mm 
preparation was necessary with a 30° bevel, and a 
2.5 mm preparation was necessary with a 45° bevel. 
They further recommended a 3.5 mm deep preparation 
when measured radiographically to account for errors 
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Fig. 29. Zinni ENT micromirrors. 


in vertical angulation. This study raised the question as 
to whether preparation of an isthmus, which is so 
common (8, 9, 10), should be treated differently than 
the preparation of the main canals. Clearly, to satisfy the 
criteria set forth by Gilheany et al. (46), a 3 mm 
circumferential preparation in the long axis of the root, 
which includes all the anatomical ramifications of the 
pulp space including the isthmus, must be prepared and 
cleaned. 

Another development in apical microsurgery has 
been the introduction of the surgical micro -mirror. 
Among the early pioneers of micro -mirrors was Dr 
Carlo Zinni, an otorhinolaryngologist from Parma, 
Italy (47). Being an early user of the microscope, Zinni 
recognized the need to view the pharynx and larynx 
indirectly for proper diagnosis. Zinni crafted the first 
polished stainless steel mirrors from which the early 
endodontic micro-mirrors were developed (Fig. 29). 

Micro -mirrors come in a variety of shapes and sizes, 
and have diameters ranging from 1 to 5 mm. There 
have been many surfaces used on micro -mirrors. 
Among them have been polished stainless -steel, po- 
lished tungsten carbide, and diamond-like coating. 
Recently introduced micro -mirrors have a rhodium 
coating. Rhodium is extremely hard and durable and is 
unsurpassed in reflectivity, clarity, and brightness. They 
are front surface, scratch resistant, and autoclavable 
(JEDMED Instrument Company) (Fig. 30). Using the 
SOM, it is now possible to look up into the apical 
preparation to check for completeness of tissue 
removal. Before using micro -mirrors, it was impossible 
to assess the thoroughness of apical preparation. Failure 
to completely remove old root canal- filling material and 
debris from the facial wall of the apical preparation (Fig. 
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Fig. 30. Rhodium micro-mirror view of the bevelled 
surface of the root at x 13. 



Fig. 31. Micro -mirror view of gutta-percha and debris 
on the facial wall of the apical preparation at x 16. 

31) may amount to facial wall leakage and eventual 
failure if not cleaned before placement of an apical 
restoration. 

Debris can be removed from the facial wall by 
capturing the maximum cushion of thermoplasticized 
gutta-percha with a small plugger (Fig. 32) and 
compacting it coronally. A variety of small pluggers 
ranging in diameters from .25 mm to .75 mm are 
available for this purpose. Facial wall debris can further 
be addressed by removal with a back action ultrasonic 
tip. Virtually all modern-day ultrasonic tips have some 
degree of back action in their design. This angle can 
vary between 70° and 80°. 

Once the apical preparation has been examined, it 
should be rinsed and dried. Traditionally, apical 
preparations were dried with paper points before 
placing retro filling materials. This allowed for thor- 
ough adaptation of retrofilling materials against the 
walls of the cavity preparation and decreased the 



Fig. 32. Compacting thermoplasticized gutta-percha 
away from the facial and compressing it coronally at 
x 16. 


chances of creating material voids. Micro control of air 
and water is now accomplished by using a small blunt 
irrigating needle (Ultradent Products Inc, South 
Jordan, UT, USA) mounted on a Stropko Irrigator 
(SybronEndo). The irrigator fits over a triflow syringe 
and allows for the directional microcontrol of air and 
water (Fig. 33). Air pressure can be regulated down to 
4psi. Now the bevelled root surface and the apical 
preparation can be completely rinsed and dried before 
inspection with micro -surgical mirrors. Anatomical 
complexities, isthmuses, and tissue remnants are more 
easily seen when the cut surfaces are thoroughly rinsed 
and desiccated (Fig. 34). 

After the apical preparation is rinsed and dried, 
retrofilling materials such as SuperEBA™ (Harry J. 
Bosworth Co, Skokie, IL, USA) and ProRoot™ MTA 
(Dentsply Tulsa Dental, Tulsa, OK, USA) are placed 
into the apical preparation. The clinician should select 
instruments and carriers that allow for direct observa- 
tion of placement to observe the material's perfor- 
mance as it is placed into the apical preparation. 
Cement consistency retrofilling materials, such as 
SuperEBA™, are mixed to a putty consistency and 
carried to the apical preparation in small truncated 
cones 1-2 mm in size on a #12 spoon excavator (Fig. 
35). The cross -sectional diameter of this instrument is 
1 mm and, therefore, does not block the visual access to 
the apical preparation. The tip of the cone reaches the 
base of the preparation as the sides of the cone contact 
the walls. Between each aliquot of material, a small 
plugger (JEDMED Instrument Company) that will fit 
inside the apical preparation is used to compact the 
SuperEBA™ (Fig. 36). Additional aliquots of material 
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Fig. 33. Stropko Irrigator with an attached blunt irriga- 
ting needle. 


* 



Fig. 34. Blue Micro Tip™ drying the apical preparation at 
x 13. Note the chalky dry bevelled surface. 


are added and condensed until there is a slight excess 
mound of material on the bevelled surface of the root. 
Final compaction is accomplished with a ball burnisher. 
When the cement has set, a finishing bur or smooth 
diamond is used to finish the retrofilling. After the 
SuperEBA™ has been finished, a CX-1 explorer is used 
under high magnification to check for marginal 
integrity and adaptation. Final examination of the 
retrofilling is performed after the surface has been dried 
with a Stropko Irrigator, because it is more accurate to 
check the margins of the preparation when the bevelled 
surface of the root is dry (Fig. 37). 

Materials such as ProRoot™ MTA are best delivered 
to the apical preparation with a carrier- based system. 
The problems with carriers in the past were that the 
diameters were too large to fit into the apical 
preparation, bends were inadequate, and they plugged 
easily. The recently introduced Micro Apical Placement 
System (MAP) (Roydent, Johnson City, TN, USA) 


* 


Fig. 35. Placing SuperEBA™ into the apical preparation 
with a #12 spoon excavator at x 16. 


Fig. 36. Plugging SuperEBA™ into the apical prepara- 
tion with a small plugger at x 16. 


(Fig. 38) addressed these problems. This system 
consists of several delivery tips with cross -sectional 
diameters ranging from 0.9 mm for small preparations 
to 1.5 mm for use in immature roots. The plungers are 
made of a PEEK material, which has a coating similar to 
Teflon™ and therefore retrofilling materials will not 
stick to the surface. The PEEK plunger can easily 
navigate a triple -bended carrier. When in use, the 
carriers should not be packed too tightly and gentle 
pressure should be used to express the material. The 
carriers should be disassembled and cleaned immedi- 
ately after use. 

When placing ProRoot™ MTA select a carrier that 
will fit into the apical preparation (Fig. 39). This will 
avoid spilling material into the bony crypt. ProRoot™ 
MTA is then compacted with small pluggers that will fit 
into the apical preparation to assure thorough compac- 
tion and less chance of leakage. As ProRoot™ MTA is 
cohesive to itself but only slightly adhesive to the walls 
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Fig. 37. Checking for marginal integrity with a CX-1 
explorer at x 20. 



Fig. 38. Micro apical placement system. 

of the preparation, care must be taken to avoid pulling 
the material out of the preparation (Fig. 40). Gentle 
teasing and wiping of the material along the walls of the 
preparation will assure its complete placement. 

The ProRoot™ MTA retrofilling is finished by wiping 
the bevelled surface with a moist cotton pellet. Visual 
inspection at mid-range magnification is used to check 
for any remaining cotton fibrils and also to check for 
marginal integrity. 

Emphasis has been placed on using small pluggers. 
However, when apical surgery involves immature 
roots using small -diameter pluggers to condense 
retrofilling materials can be inefficient and may waste 
considerable time. JEDMED recently introduced three 
new pluggers. These pluggers incorporate 60° and 90° 
angles and cross -sectional diameters of 1.5, 2.0, 
and a 1mm ball that address these needs (Fig. 41). 
The combination of using a large 1.5 mm diameter 
MAP carrier and a large -diameter plugger provides 



Fig. 39. Micro apical placement carrier placed inside the 
apical preparation at x 16. 



Fig. 40. ProRoot™ MTA being pulled out of the apical 
preparation at x 16. 

efficient retrofilling of apical preparations made in 
immature roots. 

After the bony crypt has been examined under mid- 
range magnification to assure it is free from debris, the 
completed case is documented with digital radiographs 
and clinical images. These images are saved along with 
any images that were captured during the surgical 
procedure, and are used for reporting and review with 
the patient. 

The final stage of apical surgery is tissue repositioning 
and suturing. As stated previously, basic single inter- 
rupted stitch suturing can be performed with little to no 
magnification. Interproximal suturing and navigating 
around tight embrasures and alveolar bone can be very 
difficult and cumbersome especially when one tries to use 
the SOM and indirect vision with mouth mirrors. 
Conversely, more advanced suturing techniques such as 
the papilla- base incision require multiple small sutures per 
papillae and make visualization with the SOM mandatory. 
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Fig. 41 . Comparison between micro and macro pluggers. 


The key to suture removal is in the healing of the 
epithelium. Harrison & Jurosky (48) reported that a 
thin epithelial seal was established in the horizontal 
wound at 24 h and a multilayered epithelial seal was 
established in the vertical incisional wound between 
24 and 48 h. The SOM can be used to facilitate suture 
removal at low-range magnification. Microsurgical 
scissors and tweezers should be used to cut and remove 
the sutures. Care should be exercised during removal so 
as not to damage the suture site. 

Does apical microsurgery really make 
a difference? 

The SOM was originally introduced as a surgical tool. 
Almost immediately after its introduction many clin- 
icians realized its benefit in conventional treatment and 
non-surgical retreatment. Consequently, many instru- 
ments and devices were developed for use in disassembly, 
post removal, and removal of separated instruments. 

Gorni & Gagliani (49) reported the outcome of 452 
non-surgical retreatment cases 2 years after treatment. 
The range of magnification used during treatment of 
the cases was x 3.5- x 5.5. They reported a success 
rate of 47% when the root canal morphology had been 
altered, and a success rate of 86.8% when the root canal 
morphology was respected. The overall success rate 
reported was 69%. A difficult question to answer when 
considering a non- surgical versus a surgical approach is 
whether the clinician can readdress the original biology 
of the case. This question may be impossible to answer 
without actually re-entering the case and possibly 
rendering the tooth non-restorable after disassembly. 
Considering this possible outcome, apical microsur- 
gery may have been a better approach. 


As mentioned previously, Frank et al. (3) reported 
that a success rate in apical surgeries sealed with 
amalgam, which had been considered successful, 
dropped to 57.7% after 10 years. Friedman et al. (50) 
reported successful treatment results as 44.1% in 136 
premolar and molar roots that were observed over a 
period of 6 months to 8 years. In a randomized study, 
Kvist & Reit (51) compared the results of surgically and 
non- surgically treated cases. They could find no 
systematic difference in the outcome of treatment, 
which ranged in success from 56% to 60%. These 
studies all used a traditional surgical protocol without 
the benefit of an SOM and microsurgical armamentar- 
ium. 

Rubinstein & Kim (52, 53) reported the short-term 
and long-term success rate for apical surgery using the 
SOM and SuperEBA™ as retrofilling material as 96.8% 
and 91 .5%, respectively. The rate of heal independent of 
lesion size was 7.2 months. Unlike most early surgical 
studies (54-59), which reported the pooled results of 
multiple clinicians, and consisted mostly of anterior 
teeth, 60% of the cases reported consisted of premolar 
and molar teeth. 

Several recent studies (60-65) have demonstrated a 
favorable outcome of apical surgery performed with 
ultrasonic technology similar to that used by Rubin- 
stein & Kim (52, 53). However, none of these studies 
used the SOM. Furthermore, the follow-up periods in 
these studies were considerably shorter. However, 
because of variations in treatment and evaluation 
methods, direct comparisons with the cited studies 
cannot be made. 

Although it is impossible to state whether the 
unusually high success rate reported (52, 53) resulted 
from the microsurgical technique and use of the SOM 
or the SuperEBA™ material, it is the clinical impression 
of the author that it is both the technique and the 
material with the emphasis on the technique. What is 
clear is that clinicians who use the SOM and micro- 
surgical armamentarium now possess the necessary 
magnification, illumination, armamentarium, and sub- 
sequent precision to perform apical surgery at the 
highest level of care. 
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